1. Introduction {#sec1}
===============

Over the past decade consumption of traditional tobacco products amongst high school students has almost been halved (18.7% in 2011 to 7.6% in 2018). Concurrently, the use of e-cigarettes amongst the same group has skyrocketed (1.5% in 2011 to 20.8% in 20180 \[[@bib1]\]. Noncombustible tobacco products, such as e-cigarettes were initially marketed to help users quit smoking, e-cigarettes have cultivated their own user base especially amongst non-smokers. E-cigarettes are widely perceived to be harmless, but the outbreak of EVALI (e-cigarette or vaping associated lung injury) cases in 2018 has proven this perception to be wrong \[[@bib2]\]. As of February 2020 more than 2500 cases of EVALI have been reported across the United States with the popular brand "JUUL" commanding more than 70% of the e-cigarette market \[[@bib1],[@bib3]\].

A public health investigation conducted in July 2019 showed that patients with EVALI universally present with respiratory and constitutional symptoms. The severity of EVALI in each patient and its management has been under close investigation and guidelines continue to evolve. Chest X-ray and CT (computed tomographic) image findings prove that almost all cases of EVALI involve some form of pneumonitis. The exact cause of EVALI remains difficult to investigate given the extreme heterogeneity in the types of e-cigarettes available in both the formal and informal markets \[[@bib1], [@bib2], [@bib3]\].

Our case is of a previously healthy 22-year-old male who presented with constitutional symptoms and vomiting after a month of heavy use of a "JUUL" e-cigarette and developed severe EVALI.

2. Case description {#sec2}
===================

A 22-year-old Hispanic male presented with nausea, vomiting and fever (101 °F) for three days. On systemic review, he reported generalized weakness, body aches and a mild productive cough with white sputum. Patient had a past medical history of exercise-induced asthma and used a rescue inhaler as needed. His social history revealed a smoking history of 2--3 cigarettes daily for 3--4 months and recent transition to a "JUUL" e-cigarette. The patient reported daily use of JUUL for one month and consumption of one cartridge or "pod" per day. The patient upon admission met the SIRS (systemic inflammatory response syndrome) criteria and a CXR showed bilateral lower lobe opacities ([Fig. 1](#fig1){ref-type="fig"}).Fig. 1Chest X-ray Showing bilateral lung opacities.Fig. 1

At this point intravenous Ceftriaxone & Azithromycin prophylaxis for community acquired pneumonia were initiated. As the patient had multiple episodes of vomiting and continued nausea, a CT of the chest and abdomen with intravenous contrast was obtained. Diffuse ground glass opacities in both lung fields with subpleural scarring were seen. No abdominal pathology was demonstrated on the CT scan.

The patient initially remained stable on room air and further work up was carried out for suspected pneumonia. Viral PCR panel, blood culture, HIV and urine Legionella & Streptococcus tests were obtained which resulted as negative. The patient\'s oxygen requirement continued to worsen despite supportive care with a nasal cannula & non-invasive mechanical ventilation. On the third day of hospitalization his oxygen saturation dropped to 70%. Patient was tachypneic, tachycardiac and was gradually getting fatigued. An arterial blood gas obtained showed primary respiratory alkalosis (pH 7.41, pCO2 32, HCO3 20, pO2 51 and arterial oxygen saturation 86%). Immediate CT angiogram of the chest was obtained to rule out pulmonary embolism. It did not show any blood clots however, it demonstrated rapid progression of previously demonstrated bilateral ground glass opacities now involving the upper lobes of both lungs compatible with acute respiratory distress syndrome (ARDS). ([Fig. 2](#fig2){ref-type="fig"}, [Fig. 3](#fig3){ref-type="fig"}, [Fig. 4](#fig4){ref-type="fig"}, [Fig. 5](#fig5){ref-type="fig"}).Fig. 2Comparison of CT scan images from admission (left) to intubation (right).Fig. 2Fig. 3Axial sections of CT chest showing diffuse bilateral ground glass opacities in lungs.Fig. 3Fig. 4Axial sections of CT chest showing diffuse bilateral ground glass opacities in lungs.Fig. 4Fig. 5Coronal section of the CT chest showing diffuse bilateral ground glass opacities in lungs.Fig. 5

Patient was intubated and transferred to the intensive care unit. He was initiated on intravenous corticosteroids and mechanical ventilation with high positive end expiratory pressure and low tidal volume as a part of ARDS protocol. After three days, he was successfully weaned off the mechanical ventilation to a high flow nasal cannula. Inflammatory markers (C-reactive protein, procalcitonin) and deep endotracheal cultures did not show any signs of airway tract infection and pneumonia, thus antibiotics were discontinued. Patient was successfully transitioned to oral prednisone and was discharged home with tapering oral steroids and a close follow up by the pulmonology department.

3. Discussion {#sec3}
=============

"Vaping" is defined as inhaling an aerosolized substance which is created by heating a liquid or wax essentially containing elements such as nicotine, THC (tetrahydrocannabinol), vitamin E and other additives. Since 2019, EVALI has been recognized as an emerging respiratory illness, a total of 2807 cases and 68 deaths have been identified by the CDC (Centers for Disease Control and Prevention) as of February 2020. Our patient belongs to the most affected age group being males between the ages of 18--24 years old \[[@bib1], [@bib2], [@bib3]\].

In current clinical practice, EVALI is a diagnosis of exclusion. Although no robust guidelines are present but extracting from medical literature suggest the following criteria for EVALI diagnosis: use of e-cigarettes in the last 90 days, other causes of lung infections have been ruled out, demonstration of opacities on imaging studies as well as an absence of an alternative diagnosis. A wide spectrum of lung injury including pneumonitis, pneumonia, bronchiolitis and diffuse alveolar damage has been described in EVALI \[[@bib4],[@bib5]\]. The common presentation of EVALI includes shortness of breath, cough, chest pain and hemoptysis. Fever, hypoxemia and tachycardia associated with opacities in the imaging studies such as chest X-ray and computed tomography (CT) may support further in establishing the diagnosis of given other causes have been ruled out. Ground glass opacities usually bilateral are typical findings of EVALI, but consolidation and pleural fluid may also be noted on imaging studies \[[@bib6]\]. Bronchoscopy with bronchoalveolar lavage is usually performed in patients with progressive symptoms to exclude other causes of lung pathology and infection.

The first step in the management of EVALI is to first exclude other possible causes of lung injury. Supportive care is highly recommended with supplemental oxygenation via nasal cannula, venturi mask or high flow, with target saturation of \>88%. On incidence of worsening respiratory status, utilization of mechanical ventilation and rarely ECMO (extra corporeal membrane oxygenation) has also been warranted as seen in medical literature \[[@bib7]\]. The use of glucocorticoids has been controversial with some evidence of short-term course of steroids having observational benefit especially in mechanically vented patients. After recovery from the acute phase of lung injury, patients with EVALI should be closely monitored for progression of the disease and the need for rehospitalization \[[@bib8]\].

Vitamin E acetate has been found in multiple BAL (Bronchoalveolar lavage) samples from known EVALI patients. Vitamin E acetate is most commonly found in noncommercial or THC infused vapor mixtures. A study done on an animal model showed that vitamin E acetate elevates the levels of albumin and leukocytes in the lungs, which can be considered as markers of pulmonary epithelial cell damage. In addition to this, vitamin E acetate might also release Ketene gas within the lungs, a known toxic substance \[[@bib9],[@bib10]\]. It is interesting to note that in our clinical scenario, the patient only used a JUUL vape which does not have vitamin E or THC as constituents, suggesting that several un-identified compounds may also play a part in lung injury. "JUUL" as reported by the company itself has benzoic acid and propylene glycol both compounds have been implicated in causing epithelial injury. What makes "JUUL" different from other e-cigarettes is the sheer amount of nicotine a user is inhaling \[[@bib11]\].

"JUUL" is by far the most popular commercially available e-cigarette commanding over 70% of "market share. JUUL is especially popular amongst younger demographics. "JUUL" operates through the use of disposable pods which come in a variety of flavors. In a study done in 2019, most users reported using ten pods in a 30-day period or around a single pod every three days \[[@bib12]\]. It is interesting to highlight that our patient did not report the use of THC infused vapors or any products known to contain vitamin E acetate. Hence, the patient by the above discussed standards are an above average user and is an outlier when it comes to JUUL use but at the same time he represents a sizable minority amongst e-cigarette users.

As the number of e-cigarette and vape users exponentially grows each day, creating concerns in the medical community at large; a big portion of these users do not perceive e-cigarettes to be hazardous to health. A similar portion of the community seemed to be unaware of the fact that they were consuming nicotine in a startling amount found in a single JUUL pod. Given their composition and widespread use, the theory that e-cigarettes are a "gateway" to reduce the use of traditional tobacco products is currently under study. If suggested otherwise the e-cigarettes will in fact be contributing towards an increase in tobacco use, a complete opposite effect from their initial marketed use.

4. Conclusion {#sec4}
=============

The aforementioned clinical scenario and extensive medical literature provides substantial evidence that e-cigarettes such as JUUL have detrimental effects on health and their use should be actively discouraged by clinicians and public health officials. EVALI should be kept as a differential diagnosis for lower respiratory tract problems in cases where e-cigarette use is reported, and patients present with typical symptoms. Additionally, we recommend extensive research into the vapor used in e-cigarettes, in order to establish the etiology of EVALI. Given the widespread use of e-cigarettes and the lack of formal treatment guidelines, further outbreaks of EVALI may be just over the horizon.
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